We demonstrate efficient destruction of the dimers in a cesium vapor along the path of a Ti:Sapphire cw beam. This arises from a quasi-resonant process, assisted by collisions of Cs 2 molecules with Cs(6P) excited atoms, taking place in the vicinity of both the D 1 and D 2 atomic transitions, the lower the density, the narrower the range of frequencies over which it occurs. 33.80. Gj, 34.20.Gj, 32.70.Jz Typeset using REVT E X 1
For more than two decades, vapors of alkali metals, in particular Rb and Cs, have been among the most popular samples in a great number of experiments producing a whole wealth of results in atomic and laser physics, from multiphoton ionization of atoms [1] , stimulated electronic Raman scattering (SERS) [2] , spin exchange pumping [3] , radiative cooling and trapping [4] , to fundamental symmetry tests [5, 6] . Nevertheless, there are cases where the presence of dimers in the vapor constitutes a limitation, or even a serious handicap. For example, it has compromised for a certain time the success of tunable IR radiation generation by SERS. In this case superheating the cesium vapor [7] has proved to be a good remedy.
However a superheated heat pipe imposes constraints not always acceptable, at least not in our current Cs Parity Violation (PV) experiment at ENS [8] , which could benefit from a reduction of the dimer density [9] . Hence our motivation for finding an alternative method using photodissociation. Since in this new experimental approach the lasers are pulsed, we have investigated the possibility of adding a prepulse, whose role is to deplete the dimer population in the interaction region just before triggering the lasers for the PV measurement [8] .
The topic of efficient "bleaching" of Rb 2 and Cs 2 by lasers has been the subject of sustained experimental efforts [10, 11] and theoretical interpretations still somewhat conjectural. For Cs 2 , Kostin et al. [12] have invoked crossings of the molecular potential curves.
This looks questionable now that calculations based on a relativistic effective core potential, which fit many empirical data, are available for short interatomic distances [13] . If the near IR bleaching process is not yet elucidated at least its very existence over a spectral range covering all the Cs 2 absorption spectrum from 750 to 1300 nm [10] seems beyond question.
However only vapors at densities beyond 10 16 cm −3 appear to be concerned. Our present work confirms those results but more importantly it also sheds light on the existence of a different, and up to now, ignored mechanism, very efficient even at densities of the order of 10 15 cm −3 . This differs strikingly from the one reported previously by the much narrower spectral range over which it takes place. This range is localised on the wings of the D 1 and D 2 atomic resonance lines and the lower the density, the narrower it becomes. Obviously this quasi-resonant process involves Cs(6P) atoms colliding with the Cs 2 dimers. Our results demonstrate that there is a substantial probability for such a collision process ending with three free atoms in the ground state. In order to explain the collision-assisted dissociation observed here, it is natural to consider a resonant transfer of excitation from the atoms to the dimers by a long range interaction similar to the dipole-dipole interaction between a 6S
and a 6P atom. Among the excited dimers produced, nothing prevents certain of them from having the correct symmetry to decay radiatively towards the metastable triplet ground state, where they dissociate.
We use a 2 W Ti:Sapphire cw laser for delivering the photodissociating (pump) beam.
It is tunable with a Lyot filter from 770 nm to 940 nm with a spectral width of several GHz.
The probe laser is an unstabilized 1 mW He-Ne laser. Its 632.8 nm wavelength is close to the peak of the In order to search for a photodissociation due to the pump, anticolinear with the probe (Fig. 1) , the pump intensity is modulated by a chopper. We have developed a phenomenological model which explains the behaviour of the quasiresonant process. At each Cs density studied, we note that the frequency range where occurs the optimum of the destruction efficiency corresponds to an optical thickness of the order of 1. In such conditions there is an appreciable density of Cs(6P) atoms distributed all along the whole length of the illuminated vapor column. Because of resonance trapping it is well-known that this 6P population lives much longer than the radiative lifetime τ 6P of an isolated 6P atom. In a similar geometry we had previously measured [8] a lifetime Γ P −1 of a few µs, at N Cs = 10 14 cm −3 with a slow decrease at higher densities. The large number of 6P atoms gives rise to resonant excitation of the dimers in the X 1 Σ + g to states of either u or g symmetry provided energy is conserved to within kT. In this dimer-atom resonant process the cross-section is not disproportionnally small compared to excitation transfer between two atoms [16] , a situation which is well known (σ ex = 2.8 × 10 −11 cm 2 for Cs(6S)-Cs(6P)
collisions [17] Fig. 4) . A non-negligible fraction of these dimers will decay radiatively to the 3 Σ u state [18] and dissociate. From Fig. 4 we can note that energy conservation to within kT allows a pretty large fraction of the thermalised dimer population to be directly affected. This fraction combines with a large resonant exchange rate, to give a substantial dimer dissociation rate, as shown below.
We note that the radiative decay of the ungerade excited dimers, as well as their collisional desexcitation, permit a fast redistribution of the dimers among the rovibrational ground states, so that sooner or later all dimers happen to be finally concerned. This raises the question of the dynamics of the process and more particularly of the equilibrium restoration competing with destruction. At the low densities of interest here, three body collisions play a negligible role. Much more efficient is the diffusion of the dimers coming from outside the depleted region. This explains the order of magnitude observed and its variation with the Cs density in cells with no buffer gas. At densities below a few times 10 14 cm −3 , the mean free path becomes larger than the beam diameter, and τ R tends towards a lower limit of a few times 10 −5 s.
In our simple quantitative interpretation of the experimental data we keep as a single free parameter the cross-section for Cs 2 -Cs(6P) collisions leading to photodissociation, σ dis .
We neglect the hyperfine structure of the D lines. Close to resonance we need consider only one of the two fine structure levels, which enables us to treat a two-level atomic system. The dissociation takes place at detunings much larger than the Doppler width (FWHM = 452
MHz), so that the absorption profile in this range can be considered as identical to the wings of a Lorentzian curve ∆ν/(ν −ν 0 ) 2 . In addition, since we operate in the binary collision limit at a low degree of excitation of the atomic vapor, we can ignore the excitation dependance of the linewidth [19] . As shown below, this simple approach has the merit of explaining all the main features of the experimental results. We write the rate equations which govern the time evolution of 6S, 6P, Cs 2 atomic and molecular densities (N S , N P and N Cs 2 ) in presence of the pump beam (photon flux Φ) as:
where v is the mean thermal relative velocity and σ the radiative, frequency dependent, excitation cross-section for the 6S 1/2 → 6P j Cs atomic transition (j=1/2 or 3/2). All densities are functions of the pump frequency and of the longitudinal coordinate, z. Here, we suppose that N S + N P = N Cs remains constant, which is justified in view of the small fraction of the Cs atoms bound as molecules. We also assume Γ P independent of N Cs 2 , although numerical resolution raises no real difficulty even with an N Cs 2 -dependence of Γ P .
To describe the attenuation of the pump beam by the absorbing medium we must add one more equation:
The stationnary solution of this system of coupled equations is obtained by solving the differential equation:
It follows that: P which is nearly independent of the Cs density, since τ R and Γ P have similar dependences.
At low input fluxes, the Cs density enters into the problem essentially through g, via the collisional linewidth 2∆ν coll [17] . We write: ∆ν = ∆ν 0 + ∆ν coll , with ∆ν 0 = 2.5 MHz and
where the quantity g 0 = Consequently, the destruction efficiency:
involves only | ν − ν 0 | /∆ν, thus explaining why both η and T, scaled versus ∆ν, are independent of N Cs . For a given value of N Cs , the optimum of the destruction rate is predicted to occur for gL ∼ 1. In our experiment L=13.5 cm and so . At smaller detunings, the vapor is so optically thick that only a thin layer at the input contains excited atoms and the average effect is small; conversely, at much larger detunings the density of 6P atoms is nearly uniform, but so low that the efficiency falls rapidly.
On the other hand, at high fluxes, we predict: It is remarkable that the destruction efficiency remains large even at fairly low Cs densities, ∼ 70% at 10 15 cm −3 and still ∼ 50% at 3 × 10 14 cm −3 . We expect to improve the results at these low densities by lengthening τ R and thereby K, thanks to the addition of helium buffer gas at a pressure low enough (a fraction of a torr) to be compatible with our PV measurements. Thereby, ensuring τ R ≫ Γ P −1 is also important to provide a time window sufficiently long for performing measurements after the 6P atoms have decayed and before the dimer equilibrium is reestablished. Therefore, our initial goal of depleting the dimer population by applying a prepulse before each PV measurement, seems within reach.
Coming back to the non-resonant bleaching effect, not satisfactorily explained yet, we can generalize to this case the kind of argument given above. In the case where the pump laser excites dimers directly, we expect also a long range resonant interaction to occur between excited and ground state dimers, leading to excitation transfer. The close proximity between both the 3 Σ g and 1 Σ g dimer states and the B 1 Π u state (Fig. 4) below the 6P energy [12] looks no longer necessary to explain near IR photobleaching of Cs 2 . It is understandable that when the Cs 2 optical thickness becomes lower than unity the destruction efficiency drops rapidly. In this case there no longer exists the possibility of retuning the laser closer to the atomic resonance for maintaining a large stock of excited species, as for the quasi-resonant process.
We may expect still other extensions of this work. For instance a similar effect can exist in Rb; it would be interesting to understand its role in spin exchange pumping. Simple experiments can now be planned to clarify the mechanism of restoration of dimer equilibrium by collisions on walls uncontaminated by the alkali metal. We hope that this work will also stimulate calculations of excitation transfer cross-sections in atom-dimer collisions
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